dodecyl sulfate-polyacrylamide gel electrophoresis, and analytical ultracentrifugation revealed that Fab and Fc fragments were produced. Since the production of IgAl protease by Neisseria meningitidis has been reported previously, our finding that H. influenzae and S. pneumoniae produce an IgAl protease indicates that this is a property of all three major etiological agents of bacterial meningitis. This suggests that IgAl protease production may be an important factor in the pathogenesis of this disease.
Mucosal surfaces of the upper respiratory tract are inhabited by a broad spectrum of bacteria some of which may, under conditions that are poorly understood, invade mucosal tissues and produce systemic infection. Certain bacteria which colonize mucosal surfaces, such as Neisseria meningitidis, N. gonorrhoeae, and Streptococcus sanguis, were shown to produce an extracellular enzyme that cleaves serum immunoglobulins belonging to immunoglobulin Al (IgAl) but not IgA2, IgG, or IgM classes (11) (12) (13) (14) (15) . Secretory IgA (S-IgA), the principal carrier of specific humoral defense on mucous surfaces, is only partly susceptible to digestion by bacterial IgA proteases. This relative insusceptibility may be explained by the presence of a higher proportion of IgA2 in S-IgA than in serum IgA (12) , by the association of IgA with secretary component which renders S-IgA resistant to various proteases, and by the presence of S-IgA-associated antibodies that may neutralize IgA protease activity (A. G. Plaut et al., Fed. Proc. 38:5275, 1979) . Since cleavage of IgAl by such enzymes resulted in a considerable loss of antibody activity (14) , it appears probable that these IgA proteases represent a significant virulence factor.
A classic example of a systemic infection which is initiated by bacteria that gain access into the circulation through the mucous membranes of the respiratory tract is bacterial meningitis. N. nningitidis, Haemophilus influenzae, and S. pneumoniae represent the principal bacterial species responsible for this disease. It was previously reported that pathogenic strains of N. meningitidis produce IgAl protease (11), and we report in this communication that the other two leading causative agents of bacterial meningitis, H. influenzae and S. pneumoniae, also produce an enzyme which cleaves IgAl and to a limited extent S-IgA, but has no effect on IgA2, IgM, and IgG. (ii) sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, and (iii) analytical ultracentrifugation.
Immunoelectrophoresis. Immunoelectrophoresis of digested proteins and undigested controls was performed in 2% agar in Veronal buffer, pH 8.6. Antisera used for development of immunoelectrophoresis were unabsorbed rabbit anti-human S-IgA (10), and commercial, monospecific antisera against K-or A-light chains (Meloy, Springfield, Va.) and a-chain of IgA (Hyland Laboratories, Costa Mesa, Calif., and Behring Diagnostics, Somerville, N.J.).
SDS-polyacrylamide gel electrophoresis. Samples were electrophoresed in sodium phosphate buffer, pH 7.2, in the presence of 0.1% SDS and 7 M urea by the method of Weber and Osborn (21) . To cleave disulfide bridges, immunoglobulins were reduced by mixing samples with an equal volume of a solution of 8 M urea, 2% SDS, and 0.2 M 2-mercaptoethanol for 30 to 60 min prior to gel electrophoresis. Apparent molecular weights of fragments observed in SDS-polyacrylamide gels were calculated as described by Weber and Osborn (21), with the following proteins with known molecular weights used as standards: human IgG paraprotein (150,000), ovalbumin (45,000), chymotrypsinogen (25,000), and chicken egg white lysozyme (14,400). The molecular weights of fragments in reduced samples were determined with reference to reduced and purified L-and H-chains of IgG.
Analytical ultracentrifugation. Digested and undigested proteins were centrifuged concurrently in a Spinco model E analytical ultracentrifuge (Beckman Instruments, Inc.) at 56,000 rpm and 20'C. Samples, which contained 10 mg of protein per ml, were dialyzed against PBS prior to analysis. A 600 phase-plate angle was used for photographs taken at 8-min intervals. (Fig. 2) . A fragment which had a slow electrophoretic mobility similar to that of the undigested protein reacted strongly with anti-L-chain sera but not with anti-a-chain serum. Conversely, the second fragment reacted only with anti-a-chain serum. On the basis of these properties, the two fragments were identified as Fab and Fc, respectively.
All proteins used in the study, including immunoglobulins of IgA, IgG, and IgM classes and albumins, were subjected to SDS-polyacrylamide gel electrophoresis before and after incubation with IgAl protease preparations (Fig. 3) from H. influenzae HK 393, to a Sephadex G-200 column. The fragments of the polymeric IgAl protein were eluted in two major peaks that were divided into four fractions as indicated in Fig. 4 . From subsequent examinations by immunoelectrophoresis and SDS-polyacrylamide gel electrophoresis, it was concluded that fraction 4 corresponded to the Fab fragment: it reacted with anti-L-chain serum, had an apparent molecular weight of 65,000, and resolved, after reduction, into two polypeptides (molecular weights of 21,000 and 26,000). Fractions 1 through 3 contained proteins with apparent molecular weights of 137,000, 76,000, and 62,000. On immunoelectrophoresis, they reacted with an anti-a-chain but not with an anti-L-chain serum. After reduction, a major band with a molecular weight of 27,000 was observed. Based on these data, we concluded that fractions 1 through 3 contained Fc fragments in various molecular configurations.
Undigested and digested (18 h at 370C) monomeric and polymeric IgAl proteins and S-IgA were also examined by analytical ultracentrifugation (Fig. 5) . The results supported the observations described above. Fragments of digested monomeric IgAl protein (Pet) sedimented at the rates of 3.OS (major fragment) and 4.5S (minor fragment) (Fig. 5A) . Polymeric IgAl protein (Kni), which consisted principally of components sedimenting at 9, 11, and 13S plus small amounts of 7, 14, and 17S material, was cleaved into a major fragment with a sedimentation rate of 3.7S and a heterogeneous fragment of 7S (Fig.  5B ). S-IgA (initially composed of 11 and 15S IgA) remained largely undigested although a fragment with a sedimentation rate of 3.1S was detected (Fig. 5C) . The reported sedimentation rates were not corrected by extrapolating to infinite protein dilution and, accordingly, may be influenced by the concentration of the individual components. The species H. influenza has been subdivided into five biotypes which correlate with specific disease entities (5). For example, biotype I is almost exclusively implicated in meningitis and epiglottitis, whereas biotype III is rarely isolated from acute infections and is more often found as a part of the normal flora in the upper respiratory tract. Since IgAl protease was found in all of these five biotypes it is apparent that this property may be only one of the parameters determining pathogenicity. It is of considerable interest that two strains of the species H. pleuropneumoniae digested porcine S-IgA but not the human immunoglobulins. This species is the cause of a highly contagious and often fatal pleuropneumonic infection in pigs, but human infections due to this organism have not been reported. Conversely, H. influenza rarely, if ever, produces natural infections in animal species. The ability of these organisms to cleave IgA of their specific hosts may be one of the factors that would explain the poorly understood species specificity of certain infectious diseases.
DISCUSSION
Although the function of IgAl protease has not been clearly established, the detection of Fc fragment in stools (8) and in secretions of N. gonorrhoeae-infected vaginal tracts (1) indicates that cleavage of IgA occurs in vivo. Further studies are required to determine the biological consequences of S-IgA and serum IgAl cleavage on inhibitions of bacterial adherence (18, 22) , of bactericidal effect (2, 3) , and of phagocytosis (7, 17, 19, 20) .
